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(57) Abstract 



A direct conversion tuner for tuning either analog or digital television signals includes a first and second channels, each having first 
and second mixers and an intervening filter stage, coupled between an RF input and an output combining uniL The first mixers receive 
respective first local oscillator signals which have the same frequency but a quadrature phase relationship. The frequency of the first local 
oscillator signals is controlled according to the selected channel so that it is located within the spectrum of the respective RF signal. The 
second niixers receive respective second local oscillator signals which have the same frequency but a quadrature phase relationship. The 
frequency of the second local oscillator signal is located above the passband of the filter stages. A digital gain and phase equalization 
network is included in one of the chamiels for adjusting the relative gain and phase shift of the two channels and is automatically controlled 
by a microcomputer in response to signals sampled at respective points within the first and second channels to reduce the relative gain and 
phase shift. As a result, near perfect cancellation of unwanted components occurs in the output combining unit 



BNSDOCID: <WO_942994aA1 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


AuszraUa 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


bTiger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ercland 


NZ 


New ZealaiKl 


BJ 


Beaio 


IT 


Italy 


PL 


Polaod 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


K£ 


Kenya 


RO 


Romania 


CA 




KG 


Kyrgystan 


RU 


Russian FedvatioD 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


St 


Slovenia 


CI 


C6tc d'lvoire 


KZ 


Kazakbstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liecbtea stein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Cbad 


CS 


Czecboalovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czecti Republic 


LV 


Latvia 


TJ 


TajikiBtan 


DE 


Gomany 


MC 


Monaco 


TT 


TYinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Pmland 


ML 


MaU 


UZ 


Uzbekistan 


FR 


France 


MN 


MoQgoQa 


VN 


Viet Nam 


OA 


Gabon 











BNSOOCID: <WO &42994aA1 I > 



wo 94/29948 




PCT/IB94/00138 



DIRECT CONVERSION TUNER 

Field of the Invention 
The invention concerns a so called "direct conversion 
5 tuner" which is especially useful in a television receiver. 



Background of the Invention 
An early type of tuner known as a "tuned radio 
frequency tuner" (TRF) included several radio frequency (RF) 
1 0 amplifiers which were all tuned to the frequency of the RF signal 
of desired transmission channel followed directly by a detection 
section, without an intervening mixer employed in later tuners. 
Such a tuner could provide relatively distortion free performance 
due to the absence of a mixer. However, TRF tuners tended to be 

1 5 large in size and subject to stability and gain control problems due 

to the number RF amplifiers which were needed. Moreover, TRF 
tuners did not provide a consistent or adequate degree of signal 
selectivity. 

The type of tuner which is primarily used today is 

2 0 known as a "heterodyne" or "superheterodyne" tuner. In its 

simplest form, known as a "single-conversion" tuner, it comprises 
a tunable RF amplifier followed by a frequency conversion stage, 
including a mixer and a local oscillator. The frequency conversion 
stage produces an intermediate frequency (IF) signal which 

2 5 corresponds to the received RF signal but has a lower frequency. 

The IF signal is filtered by an IF filter section and the resultant 
signal is coupled to a detection section. The combination of 
conversion stage and the following IF filter section provides a 
significantly better selectivity characteristic than a TRF tuner. 

3 0 The frequency of the local oscillator signal is offset (usually 

higher) from the frequency of the desired RF signal by the desired 
frequency of the IF signal. In a television receiver, the local 
oscillator signal is controlled so that it places the frequency of the 
IF picture carrier corresponding to the RF picture carrier at a 
3 5 nominal frequency, for example, at 45.75 MHz in the United States 
and 38.9 MHz in Europe. 

A single conversion tuner can be made quite small and 
relatively inexpensive. However, it produces unwanted 

CONFIRMATION COPy 
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intermodulation and cross-modulation products due to third and 
higher order components of the signal transfer characteristics of 
the mixer included in the frequency conversion stage. Various 
unwanted conversion products, known in the tuner fields as 
5 "image", "one-half IF" and "IF beats", continue to be a problem. 
The IF filter is designed to minimize unwanted conversion 
products and also to provide rejection of responses due to 
adjacent channels (selectivity). Thus, the selection of the IF 
frequency is a compromise. As a result the rejection of unwanted 
1 0 conversion products and selectivity of the tuner may not be 
adequate. 

The deficiencies of a single conversion tuner have 
become especially troublesome due to the increasing number of 
"contiguous" channels now available in large cable television 

1 5 systems. With the advent of digital television transmission 

systems, such as for high definition television (HDTV), the 
problem becomes still more difficult because these systems make 
full use of the available channel spectrum and only a small guard 
band of a few hundred kilohertz (KHz) exists between channels. 

2 0 In addition, the overall frequency response of a tuner for tuning 

digital television signals must be flat to the edges of the channel, 
but nevertheless, have a very steep "roll-off" (attenuation) at the 
edges for adequate adjacent channel rejection. This makes the 
design of an appropriate IF filter more complicated since no 

2 5 Nyquist slopes and sound traps, which tend to ease IF filter 

design, can be used in digital systems. In addition, it is 
contemplated that both analog and digital television signals will 
be transmitted during a transition period. In that case, even more 
adjacent channel selectivity will be required for good reception of 

3 0 the digital signals because digital television signals will be 

transmitted with much less power than analog television signals. 

The "double-conversion" variation of the 
superheterodyne tuner was developed to overcome the 
shortcomings of the single-conversion tuner. In this type of tuner, 
3 5 a first conversion stage is followed by a first IF filter section, a 

second conversion stage, and a second IF filter stage. The first IF 
section has a very high frequency range, typically in the order of 
620 MHz. The second IF section has a much lower frequency 

2 
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range, typically the same as that of the only IF filter section of a 
single conversion tuner. The second IF section is followed by a 
detection section. 

The very high frequency of the first IF filter section 
5 places the RF signals corresponding to unwanted conversion 
responses such as the "image** response at frequencies readily 
rejected by tunable RF stages which precede the first conversion 
stage. The low frequency second IF provides the required 
adjacent channel selectivity needed for modern television 

1 0 reception. Unfortunately, an double-conversion tuner system 

requires additional RF and IF circuitry compared to a single 
conversion tuner, and much of the additional circuitry must 
function at relatively high frequencies requiring extensive 
shielding. As a result a double conversion tuner is relatively large 
15 in size and expensive. 

Another type of tuner known as a "direct conversion" 
tuner has improved unwanted conversion product rejection and 
selectivity properties with respect the TRF and heterodyne types 
of tuners. A direct conversion tuner operates in accordance with a 

2 0 third tuning method in which the frequency of a local oscillator *^ 

signal of a first frequency conversion stage is set in the middle of 
the frequency band of the desired channel. The product of the 
first conversion stage is at relatively low frequency. There are no 
image responses because the frequency of the first conversion 

2 5 stage is located with the spectrum of the desired RF signal. In 

addition, the very low frequency range of the signal produced at 
the output of the first conversion stage makes it possible to 
readily provide a filter which can reject adjacent channel signals. 

Unfortunately, because the first local oscillator signal 

3 0 is centered in the frequency band of the desired channel, both the 

upper and lower side band of the desired channel will be 
converted to the frequency range of the first IF signal so that the 
lower side band (LSB) is in effect folded over onto the upper side 
band (USB) in the spectrum of the first IF signal. Since the LSB 
3 5 and USB occupy the same frequency range, the LSB and the USB 
must again be separated before detection. To accomplish this, a 
direct conversion tuner is arranged as is shown in Figure 1, 

Basically, the direct conversion tuner contains two 
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channels, each with two conversion stages. The received RF signal 
is coupled to each of two mixers MIA and MIB via a tuned RF 
amplifier which provides gain and some selectivity. Desirably, the 
gain of the RF amplifier is automatically controlled in response to 
5 an automatic gain control (AGC) signal (not shown). The local 

oscillator signal generated by a first local oscillator LOl is tuned to 
the center frequency coQ of the frequency band of the desired 
channel between the lower sided band (LSB) and the upper side 
band (USB), as is shown in Figure 2a. The first local oscillator 

10 signal is split by a phase shifting circuit PSl into quadrature 
components that are used to drive mixers MIA and MIB. The 
respective IF output signals of mixers MIA and MIB are filtered 
by two low pass filters LPF A and LPF B. Low pass filters LPF A 
and LPF B provide the necessary selectivity to reject the 

1 5 responses from the adjacent channels and higher order products 
of mixers MIA and MIB. 

Each of the output signals of mixers MIA and MIB 
includes both a lower side band portion and an upper side band 
portion corresponding to the LSB and USB portions of the received 

2 0 RF signal. However, as earlier indicated, the LSB portion is folded 
over so that it is superimposed on the USB portion and occupies 
the same frequency range, as is shown in Figure 2b. The output 
signal of low pass filters LPF A and LPF A are coupled to 
respective ones of a second pair of mixers M2A and M2B. Mixers 

2 5 M2A and M2B are driven by respective ones of a second pair of 

quadrature local oscillator signals generated by a second local 
oscillator L02 and a second phase shifting circuit PS2. Each of the 
second local oscillator signals has a frequency coN located above 
the cutoff frequency of the low pass filters LPF A and LPF B filters 

3 0 to fulfill the Nyquist criteria. The output signals of mixers M2A 

and M2B are added in a summer unit SU to produce an output 
signal which has a spectrum which includes separated lower and 
upper side band portions, as shown if Figure 2c. This output 
signal is coupled to a demodulator (not shown) which demodulates 
3 5 it, and the demodulated resultant is coupled to further signal 
processing sections. 

The operation of the direct conversion tuner shown 
Figure 1 can be mathematically understood by considering a very 
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simple case in which the received RF signal is assumed to include 
a sinusoidal upper side band component of sin (coQ and a 

sinusoidal lower side band component of sin (coQ - co2), as is 
indicated in Figure 3a. It is also assumed that the gains and phase 
5 shifts of the two channels are identical. The phases of the signal 
components produced at various point of the direct conversion 
tuner are indicated by the vector arrows in Figure 1. Further, the 
coefficients of the various mathematically factors corresponding to 
signal components have been normalized in the following 
1 0 description. 

The quadrature first local oscillator signals applied to 
first mixers MIA and MIB are expressed as sin coQ and cos coQ, 
respectively; and the quadrature second local oscillator signals 
applied to second mixers M2A and M2B are expressed as sin coN 

1 5 and cos coN, respectively. The following signal is produced at the 

output of low pass filter LPF A: 

cos 0)1 -f cos C02 

The following signal is produced at the output of low pass filter 
LPFB: 

2 0 sin CO 1 - sin co2 

The spectra at the outputs of low pass filters LPF A and LPF B 'are 
shown in Figure 3b. 

The result of the second mixing operation by mixer 
M2A produces the following output signal: 

2 5 sin (con + col) + sin (coN - col) + sin (coN + co2) -»- sin (coN - co2) 

The result of the second mixing operation by mixer M2B produces 
the following output signal: 

sin (con col) - sin (coN - coi) - sin (con + co2) + sin (con - co2) 
The addition of the two output signals of mixers M2A and M2B by 

3 0 summer SU results in the following signal: 

sin (con + col) -h sin (coN - co2) 
The spectrum at the output of summer SU is shown in Figure 3c. 

The operation of the direct conversion tuner depends 
on the cancellation of unwanted components developed in the two 
3 5 channels (compare the output signals of mixers M2A and M2B 
indicated above including the terms sin (coN -coi) and 
sin (con + C02)). As was stated above, the description of the 
operation of the direct conversion tuner so far provided assumes 
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that the gains and phase shifts of corresponding elements of the 
two channels are identical, resulting in perfect cancellation of the 
unwanted components after the addition of the output signals of 
the two channels by summer SU. However, in practice, gain and 
5 phase characteristics of the two channels are unequal and change 
with temperature and time. The gain and phase characteristics 
affect the phase and magnitude of the vectors shown in Figure 1. 
As a result, perfect cancellation of the unwanted components no 
longer occurs causing the generation of unwanted spurious 
1 0 components in the output signal produced by summer SU and the 
reduction of the quality of the demodulated signal. This is 
especially the case when the received RF signal is relatively 
complex, such as a television signal, and does not simply contain a 
lower and an upper sinusoidal component as assumed in the 

1 5 above description. 

The generation of unwanted spurious components 
when a television signal is tuned by a direct conversion tuner of 
the type shown in Figure 1 is illustrated in Figures 4a, 4b and 4c. 
Figure 4a shows the spectrum of a television signal of a single 

2 0 channel. It includes a picture carrier (PIX), a color subcarrier (SC) 

and a sound carrier (SOUND). The frequency, coQ, of the first local 
oscillator signal is located approximately midway between the 
picture carrier and the sound carrier. Figure 4b shows the 
spectrum of the signal resulting from the first mixing operation. 

2 5 Figure 4c shows the spectrum of the output signal of summer SU. 

For each desired component of the output signal of summer SU to 
the right of the frequency, wn, of the second local oscillator signal, 
an undesired "companion" to the left exists; and for each desired 
component of output signal of summer SU to the left of frequency 

3 0 CON an undesired "companion" to the right exists. For instance, a 

"companion" of the picture carrier is present to the right of con 
between the color subcarrier and the sound carrier. The presence 
of the unwanted "companions" causes annoying beat patterns in 
the demodulated video signal and may also adversely affect the 
3 5 demodulated sound signal. "Such unwanted components should 
desirably be suppressed in the order of 45 to 50 dB for optimum 
performance of the television receiver. This means that the gain 
and phase errors should desirably be kept less than 0.05 dB. and 
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0.5 degrees, respectively, for optimum performance of the 
television receiver. Such performance standards cannot be 
obtained and maintained with manual adjustments. 

5 Summary of the Invention 

The present invention concerns an arrangement for 
automatically reducing the gain and phase difference errors of the 
two channels of a direct conversion tuner in order to reduce the 
generation of unwanted components in the output signal. In 
1 0 accordance with an aspect of the invention, a multiple frequency 
reference signal is inserted as a test signal at respective insertion 
points of the two channels and signals produced at respective 
measurement points of the two channels are compared as to 
amplitude and phase to produce so called "ripple" gain and phase 

1 5 difference responses related to the gain and phase shift 

differences between two channels, for example, due to the IF low 
pass filters. In accordance with another aspect of the invention, 
the signals developed at the measurement points in response to 
the RF signal for the selected channel are also compared as to 

2 0 amplitude and phase to produce so called "DC" gain and phase - 

difference values related to gain and phase shift differences of 
one or more of the conversion stages. The "ripple" gain and phase 
responses and the "DC" gain and phase difference values are used 
to control a gain and phase correction network so that the 

2 5 amplitude and phase differences between the measured signals of 

the two channels are reduced. Preferably, the arrangement is 
implemented in a digital embodiment in which analog-to digital 
converters are included in respective ones of the channels after 
the first conversion stages and the gain and phase correction units 

3 0 comprise digital filters after the second conversion stages. The 

operation of automatic gain and phase equalization arrangement 
can be automatically initiated each time the television receiver is 
switched on or a new channel is selected. 

These and other aspects of the invention will be 
3 5 described with respect to the accompanying Drawing. 
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Brief Description of the Drawing 
In the Drawing, Figures 1, 2a-2c, 3a-3c and 4a-4c 
concern the background of the invention and have previously 
been described. Briefly: 
5 Figure 1 is a block diagram of a direct conversion 

tuner as is known in the prior art; 

Figures 2a, 2b and 2c are graphical representations of 
the spectra of signals at various points of the direct conversion 
tuner shown in Figure 1; 
1 0 Figures 3a, 3b and 3c are graphical representations of 

the spectra of signals at various points of the direct conversion 
tuner shown in Figure 1 assuming that the input signal consists of 
two sinusoidal components; and 

Figures 4a, 4b and 4c are graphical representations of 

1 5 the spectra of signals at various points of the direct conversion 

tuner shown in Figure 1 when the input signal comprises an 
analog television signal. 

The remaining Figures of the Drawing concern the 
embodiment of the invention. Briefly: 

2 0 Figure 5 is a block diagram of a direct conversion 

tuner including an automatic gain and phase equalization 
arrangement constructed in accordance with an aspect of the 
invention; 

Figure 6 is a vector diagram useful in understanding 

2 5 how gain and phase errors are measured by the automatic gain 

and phase equalization arrangement; 

Figures 7a and 7b, 8a and 8b, and 9a and 9b are 
graphical representations of spectra of phase and gain errors 
useful in understanding how phase and gain correction 

3 0 information used by the automatic gain and phase equalization 

arrangement is obtained; 

Figure 10 is a vector diagram also useful in 
understanding how phase and gain correction information used by 
the automatic gain and phase equalization arrangement is 
3 5 obtained; 

Figures 11a and lib are graphical representations of 
spectra of phase and gain correction responses needed for phase 
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and gain equalization which result from the operations illustrated 
in Figures 7a and 7b, 8a and 8b, 9a and 9b and 10; 

Figure 12 is a flow chart indicating the overall 
operation of the automatic gain and phase equalization 
5 arrangement. 

Detailed Description of the Drawing 
The direct conversion tuner shown in Figure 5 is 
generally similar to the one shown in Figure 1, but includes 
1 0 additional elements which comprise an automatic gain and phase 
equalization arrangement constructed in accordance with an 
aspect of the invention and certain related elements. Those 
elements of the direct conversion tuner shown in Figure 5 which 
have the same or similar functions as corresponding elements of 

1 5 the direct conversion tuner shown in Figure 1 are identified by 

the same or similar reference designations and will not be ^ 
described in details again. 

The automatic gain and phase equalization 
arrangement comprises a gain and phase correction network 

2 0 including a first gain control unit labeled GC and a second gain 

control unit which is actually used for phase correction and is 
therefore labeled PC. The gain and phase correction network is 
inserted in channel A between LPF A and output summer SU2. 
Gain correction unit GC and phase correction unit PC comprise 

2 5 respective programmable digital filters which are controlled by a 

microcomputer MC to adjust the gain and phase characteristics of 
channel A so that the gain of phase characteristics of the channels 
A and B are substantially identical. Gain correction unit GC and 
phase correction unit PC may, for example comprise, finite 

3 0 impulse response (FIR) filters. Microcomputer MC samples the 

signals developed at points A and B just before second mixers 
M2A and M2B in response to a test signal and determines the 
relative amplitudes and phases of the sampled signals to develop 
filter coefficient control signals for gain correction unit GC and 
3 5 phase correction unit PC. For this purpose, microcomputer MC 
generates a reference signal labeled coREF which is inserted as a 
test signal just after first mixers MIA and MIB, for example, via 
resistors RA and RB. Microcomputer MC also samples the signals 
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developed at points A and B in response to the received RF signal 
for the selected channel and determines the relative amplitudes 
and phases of the sampled signals the to develop the filter 
coefficient control signals. The generation of the filter coefficient 
5 control signals will be described in detail below. Microcomputer 
may comprise the same microcomputer which is used to control 
other functions of the television receiver. 

In the embodiment of invention shown in Figure 5, the 
gain and phase correction is accomplished by the addition of two 
1 0 signals which are in quadrature phase relationship as will be 
described below in greater detail with respect to the vector 
diagram shown in Figure 10. For this purpose gain correction unit 
GC and phase correction unit PC (which is actually another gain 
control unit) are included in separate paths for which the 

1 5 respective signals are in quadrature phase relationship. More 

specifically, gain correction unit GC receives a signal developed at 
a point C at the output of second mixer M2A while phase 
correction unit PC receives a signal developed at a point F at the 
output of an additional mixer M3. The same local oscillator signal 

2 0 which is coupled to second mixer M2B of channel B is coupled to 

additional mixer M3 so that oscillator signals coupled to mixers 
M2A and M3 have a quadrature phase relationship (sin con and 
cos coN> respectively). As a result, the signals developed at points 
C and F have a quadrature phase relationship. The output signal 

2 5 of gain control unit GC developed at a point C is added to the 

output signal of phase correction unit PC developed at a point F 
by an additional summer unit SU2. The signal produced at a point 
G at the output of additional summer unit SU2 is combined with to 
the signal produced at a point D at the output of a mixer M2B by a 

3 0 summer unit SUl corresponding to summer unit SU of the direct 

conversion tuner shown in Figure 1. The signal developed at a 
point E at the output of summer SUl is coupled to a demodulator 
section (not shown). 

Since the gain and phase equalization apparatus is 
3 5 implemented in digital form in the direct conversion tuner shown 
in Figure 5, analog-to-digital converters ADC A and ADC B have 
been added to respective ones of channels A and B prior to the 
second conversion stages. The ADC A and ADC B receive amplified 

10 
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versions of the output signals of LPF A and LPF B from respective 
ones of amplifiers AMP A and AMP B and provide respective 
digital versions of the output signals of LPF A and LPF B. The 
outputs of amplifiers AMP A and AMP B are capacitively coupled 
5 to the inputs of the ADC A and ADC B via respective ones of 

capacitors CA and CB to avoid DC drift problems. The amplifiers 
may be omitted when the outputs signals of LPF A and LPF B have 
sufficient amplitudes to permit reliable analog-to-digital 
conversion. In the direct conversion tuner shown in Figure 5, 

1 0 second mixers M2A and M2B comprise digital multipliers instead 

of analog mixers and summers SUl and SU2 are digital adders. 

Before describing the gain and phase equalization 
operation in detail it is helpful to describe the nature of the gain 
and phase errors. The gain and phase errors can be divided into 
15 "ripple" and "DC" errors. The "ripple" error is . caused by the 

differences between the gain and phase responses of low pass"" 
filters LPF A and LPF B. It varies as a function of the IF 
frequency, but is constant for all received television channels." 
The "DC" error is caused by quadrature errors and gain differences 

2 0 between first mixers MIA and M2B. It is constant for a selected 

channel but varies with the frequency of the first local oscillator. 
Second mixers M2A and M2B do not introduce additional errors if 
they are implemented in digital form as is the case in the direct 
conversion tuner shown in Figure 5. 

2 5 There is an additional error which can be referred to 

as an "asymmetry" error which occurs when first mixers MIA and 
MIB are implemented as a doubly-balanced mixer. The use of a 
doubly-balanced mixer is desirable since it tends to reduce the 
coupling of the RF signal and local oscillator signal to the output of 

3 0 the mixer because of its balanced configuration. However, a 

doubly balanced mixer is not perfectly balanced and this results 
in slightly different gain and phase characteristics for RF signal 
components which have a frequency below the frequency, coQ, of 
the first local oscillator signal than for RF signal components which 
3 5 have a frequency above the frequency of the first local oscillator 
signal. The "asymmetry" error is small and can be neglected in 
most cases. However, it can be corrected, if desired, as will be 
described below. 
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It is possible to measure gain and phase errors with 
the use of a "sweep" generator which is connected to the antenna 
input, and which "sweeps" the frequency range of a selected 
channel. This method is relatively complicated and expensive. 
5 Measuring the ripple and DC errors separately is simpler. 

The ripple error can be measured by using a multiple 
frequency reference signal, labeled coreF in Figure 5. The 
reference signal has a low frequency range which only needs to be 
sufficiently broad to cover the IF frequency range. Experiments 
1 0 have shown that eight to ten discrete test frequencies are 

sufficient to obtain satisfactory results. The reference signal may 
be generated by an oscillator (not shown) under the control of 
microcomputer MC or directly by microcomputer MC by using a 
look-up table. During the ripple error test, the tuner has to be 

1 5 disabled from responding to the received RF signal. This may be 

accomplished by turning off the first local oscillator (LOl) or 
disabling the RF stage. The ripple errors can be measured each 
time the television is switched on or when a new channel is 
selected. Once the ripple errors have been measured, the normal 

2 0 operation of the tuner is again initiated. 

The DC errors of mixers MIA and MIB are local 
oscillator or channel-dependent, but are otherwise constant over 
the frequency range of each channel. Therefore, the DC errors can 
be measured using a single frequency test signal for each selected 

2 5 channel. However, advantageously, the picture and sound carriers 

of the received television signal can be used to measure the DC 
errors. Both carriers are known in frequency and have high 
energy which makes the measurement reliable. Using both the 
picture and sound carriers allows for the correction of the 

3 0 asymmetry errors because, as shown in Figure 4a, the frequency 

of the picture carrier is below the frequency, coQ, of the first local 
oscillator signal and the frequency of the sound carrier is above 
the frequency of the first local oscillator signal. The carriers are 
measured at points A and B at the outputs of ADC A and ADC B 
3 5 during the occurrence of the broad vertical equalizing pulses 
when the picture carrier has its highest energy but is not 
modulated with video information. However, because both 
picture and sound carriers are present, the carriers need to be 
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separated. The separation can be accomplished after the 
measurement by microcomputer MC in accordance with a 
software filter program. For example, low pass and high pass 
filter responses can be obtained utilizing a MatLab™ program 
5 commercially available from MATHWORKS, Inc., of Massachusetts. 
The low and high pass filter responses can be used to separate the 
picture carrier and sound carrier responsive portions of the 
measurement values. Alternatively, microcomputer MC may 
comprise a digital signal processor (DSP) unit including digital 
1 0 filters and a microprocessor may advantageously be used. In that 
case, the digital filters can be used to separate the picture and 
sound carriers. 

The phase error for a particular test can be calculated 
by considering the vectors "a" and "b" representing the digitized 

1 5 signals measured at points A and B and the vector "c" 

representing their differences as the three sides of a triangle, as is 
shown in Figure 6, and by using the geometric cosine law to find 
the angle y between vectors "a" and "b". The gain error is the ratio 
of the magnitudes of vectors "a" and "b'\ This is valid only for 

2 0 RMS (root mean square) values so that a number of samples is 

required. More specifically, for each sample, the signal levels (A 
and B) at points A and B are measured and squared (A^ and B^) 
by microcomputer MC. In addition, for each sample, the 
difference between the signal levels (A - B) at points A and B is 

2 5 calculated and squared ((A - B)2). The squared values for all of 

the samples are added. The squared magnitude of third side "c" of 
the triangle is related to the sum of the squared values of the 
difference values (X(A - B)2). The square root of the ratio of the 
sums of the squared signal values ((Sa2/Zb2)1/2) is 

3 0 proportional to the relative gains of the two channels. The cosine 

law equation indicated in Figure 6 is used to calculate the relative 
phase angle g from the appropriate sums of squared values. A 
relatively large number of samples, for example, in the order of 
500 or more, because the magnitudes of the signals measured at 
3 5 points A and B are continuously changing, especially during the DC 
and asymmetry error measurements when the measured signals 
are responsive to the carriers of the received RF signal. This 
method provides sufficient accuracy in an eight-bit environment. 
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The use of the cosine law in the above described 
manner does not result in reliable results for very small phase 
difference angles. The problem is solved in software by means of 
the addition of a phase shift to one of the signals measures at 
5 points A and B. The phase shift is latter subtracted from the 
calculated phase difference. 

Once the gain and phase error values have been 
measured and stored in microcomputer MC, the necessary 
coefficients for the correction filters can be calculated. Figures 7a 
1 0 and 7b show examples of measured ripple phase and gain errors 
for one half of the received spectrum. The phase and gain errors 
for the other half of the spectrum are obtained by forming the 
mirror image of the existing phase error about the zero point and 
the mirror image of the existing gain error about the vertical axis. 

1 5 The resulting full spectra of the ripple phase and gain errors are 

shown in Figures 8a and 8b. 

The ripple phase and gain error responses have to be 
combined with the DC phase and gain error responses. More 
specifically, the DC phase error is added to the ripple phase error 

2 0 response shown in Figure 8a. The DC gain error is used to 

multiply the ripple gain error response shown in Figure 8b. 

If asymmetry errors exists, they can be compensated 
by using the asymmetry errors measured by using the picture 
and sound carriers, as earlier indicated. More specifically, the 

2 5 asymmetry phase error for the picture carrier is added to the left 

side of the ripple phase error response shown in Figure 8a and the 
asymmetry phase error for the sound carrier is added to the right 
side. The asymmetry gain error for the picture carrier is used to 
multiply the left side of the ripple gain error response shown in 

3 0 Figure 8b and the asymmetry gain error for the sound carrier is 

used to multiply the right side. As a result of the combination of 
the asymmetry errors with the ripple errors, a step in the middle 
of the responses may occur. In many cases the asymmetry errors 
are small and can be ignored, and therefore only the response to 
3 5 the picture carrier is needed. In the present example, it is 

assumed that the asymmetry errors are small, and therefor, have 
been ignored. 
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The final phase and gain error responses are shown in 
Figures 9a and 9b. The phase and gain error responses shown in 
Figures 9a and 9b cannot by themselves be used for calculating 
the error correction filter coefficients for gain correction unit GC 
5 and phase correction unit PC. Rather, the responses shown in 
Figures 9a and 9b have to be converted to the phase and gain 
correction responses shown in Figures 11a and lib frequency 
point by frequency point. The manner in which this is 
accomplished is illustrated by the vector diagram shown in Figure 

10 10. In Figure 10, the vectors correspond to signals developed at 
respectively labeled points of the direct conversion tuner shown 
in Figure 5. With reference to Figure 10, the phase (d) and gain 
errors at each frequency point of the response shown in Figures 
9a and 9b are used to calculate a coefficient for changing the 

1 5 magnitude of vector C and coefficient for changing the magnitude 
of a quadrature vector F so that when the resultant vectors C and 
F are combined, vector G is formed which is equal in magnitude 
but opposite in phase to vector D, and therefor results in n 
cancellation when added to vector D. The desired phase and gain 

20 correction compensation responses shown in Figures 11a and 41b 
correspond to the multiplication factors for vectors C and F 
required to produce vectors C* and F' for each sampled frequency 
on the frequency axis. The responses shown in Figures 11a and 
lib are not symmetrical due to interaction between gain and 

25 phase. 

The coefficients for phase correction unit PC and gain 
correction unit GC can be computed from the responses shown if 
Figure 11a and lib using the MatLab™ FIR2 program. It should 
be noted that the coefficients for frequencies below second local 

3 0 oscillator frequency con and the ones needed for frequencies 
above second local oscillator frequency coN correspond 
respectively to the opposite sides of the responses shown in 
Figures 11a and lib because the inverse positional relationship 
between the desired components and the undesired components. 

3 5 This factor is easily incorporated in the hardware by inverting the 
signal developed at point D as is indicated by inverter I as shown 
in Figure 5, or by subtracting the signal developed at point D from 
the signal developed at point G. 
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Once the filter coefficients for the selected channel 
have been calculated they are stored for retrieval whenever the 
same channel is again selected. As a result, the receiver is ready 
for reception when a new channel is selected without first 
5 calculating "new" filter coefficients. Temperature affects the drift 
of components, such as inductors and capacitors, in the IF filter 
and therefor affects the gain and phase error responses. However, 
it has been found that it is not necessary to perform the ripple 
gain and phase error measurements other than when the receiver 

10 is first turned on or perhaps when a new channel is initially 
selected. Accordingly, it is not necessary to interrupt the 
reception of a program. Measurement of the DC gain and phase 
errors is not a problem because the received television signal can 
be continuously monitored without affecting the normal operation 

15 of the tuner. 

It has been found that the location of the frequency, 
coO, of the first local oscillator signals within the spectrum of the 
RF signal can be used to optimize the operation of the direct 
conversion tuner. For example, the frequency of the first local 

2 0 oscillator signals should desirably between 1.7 and 2 MHz above 
the picture carrier (see Figure 4a) for NTSC television signals, and 
between 2 and 2.8 MHz above the picture carrier for PAL 
television signals. The frequency of the first local oscillator 
signals can be set in accordance with the channel number, for 

2 5 example, by a phase locked loop tuning control system (sometimes 

called a "frequency synthesizer"). In that case, microcomputer MC 
may be used to control the frequency of the frequency 
determining programmable divider of the phase locked loop. An 
automatic fine tuning (AFT) arrangement responsive to the 

3 0 frequency of the picture carrier may be used to maintain the 

frequency of the first local oscillator signals at the desired 
frequency. The frequency of the picture carrier may be measured 
by microcomputer MC during the DC error measurement operation 
when the signals developed at points A and B are sampled. 
3 5 The direct conversion tuner shown in Figure 1 has 

been described so far with respect to tuning of analog television 
signals in which picture, sound and color subcarrier signals are 
modulated on RF carriers in accordance with a conventional 
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television standard such as NTSC, PAL or SECAM, However the 
direct conversion tuner is also useful, and may in fact be even 
more useful, for tuning digital television signals, such as HDTV 
(high definition television) signals. As earlier noted, HDTV 
5 systems make full use of the available channel spectrum, have 

only a small guard band of a few hundred kilohertz (KHz) between 
channels, and require a tuner response which is flat to the channel 
edges but which is very steep at the edges for adequate adjacent 
channel rejection. A direct conversion tuner is particularly well 
1 0 suited to such a HDTV environment because it has a low IF 

frequency range which allows the use of simple and effective 
filters. An IF filter with a sharp "cutoff" and a large "stop-band" 
region is much easier to obtain at low frequencies than at the 
conventional IF frequencies (38 MHz and higher). 

1 5 While the direct conversion tuner described so far is 

well suited for tuning digital television signals, certain r 

modifications need to be incorporated because discrete carriers \% 

which can be used to measure the DC gain and phase errors are 

usually not transmitted in a digital television system. However, it ^ 

2 0 has been found that the spectra of digital television signals, which 

are typically flat and have similarities to random noise, may be f 
used to accurately measure the DC errors. The use of the spectra 
of the digital television signals to measure the DC errors may 
require more samples to be used than when picture or sound 

2 5 carriers are used. For example, samples taken over ten to twenty 

television lines may be required. In a direct conversion tuner for 
tuning digital television signals, the same method of measuring 
the ripple gain and phase errors using a plural frequency 
reference signal previously described with respect to the direct 

3 0 conversion tuner for tuning analog television signals is used. 

Even if the spectra of the received digital television 
signals are not flat for a particular digital television system, the 
spectra can still be used to measure the DC gain and phase 
difference errors, provided that the shape of the spectra is to 
3 5 modify filter coefficients. 

Digital television signals are more robust than analog 
television signals and therefore the generation of unwanted 
spurious frequency components is less critical. It is therefore not 
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necessary to consider the small asymmetric errors and larger 
tolerances for gain and phase errors can be accepted. 

In a television receiver which is capable of processing 
both analog television signals and digital television signals, a 
5 single direct conversion tuner may be used to tune both the 
analog and digital television signals. The flow chart shown in 
Figure 12 summarizes the operation of the direct conversion tuner 
which has been previously described, and additionally indicates 
its operation in a dual mode television receiver. As is indicated in 
1 0 the flow chart, after the receiver has been energized or a desired 
channel is selected, the previously stored gain and phase 
equalization data for the selected channel is retrieved from 
memory and coupled to gain correction unit GC and phase 
correction unit PC, the ripple error measurements are made. 

1 5 Thereafter, the detection of the presence or absence of a picture 

carrier causes the selection of either an analog television signal 
branch or a digital television signal branch, respectively, of the 
program for measuring the DC errors and calculating the filter 
coefficients, 

2 0 While the invention has been described in terms of as 

specific embodiment, it is contemplated that modifications will 
occur to those skilled in the art. For example while individual 
gain and phase correction units are utilized in the embodiment, a 
single digital filter may be provided to provide both gain 

2 5 correction and phase correction. Such a filter may be constructed 

in either FIR (finite impulse response) or IIR (infinite impulse 
response) form. In addition, while gain correction unit GC and 
phase correction unit PC are included in the same channel in the 
embodiment, one of the units may be included in one channel and 

3 0 the other may be included in the other channel. Further, while 

two analog-to-digital converter are utilized in the embodiment, it 
is possible to use a single ADC which is multiplexed to sample the 
signals developed at the measurement points of the two channels. 
Still further, while the use of the picture and sound carriers has 
3 5 been described with respect to the DC and asymmetry error 
measurements in a direct conversion tuner for tuning analog 
television signals, other components may also be utilized. For 
example, the color subcarrier may be used in place of sound 
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carrier in the asymmetry error measurement. Even still further, 
while the reference signal is inserted after the first mixers in the 
embodiment, the reference signal can be inserted at other 
locations such as in the RF stage. In the same vain, while the 
5 measurement points of the embodiment are located before the 
second mixers because the second mixers are implemented in 
digital form, different measurement points, such as ones located 
after the second mixers, may be used. Moreover, while a direct 
conversion tuner including the automatic gain and phase 
1 0 equalization provisions which have been described is particularly 
well suited for tuning television signals, it is also useful for tuning 
other types of communications signals. These and other 
modifications are intended to be within the scope of the following 
claims. 

-Ik 
M 
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Claims 

1. In a receiver, tuning apparatus for tuning a 
selected one of a plurality of RF signals receivers at an RF input to 
5 produce an output signal at an output, comprising: 

first and second channels each having an input and an 
output and, in the order named, a first mixer stage, a filter stage 
and a second mixer stage coupled between said input and output; 

said inputs of said first and second channels being 
1 0 coupled to said RF input; 

a summing unit having first and second inputs and an 
output, said outputs of said first and second channels being 
coupled to respective inputs of a summing network, and said 
output of said summing unit being coupled to the output of said 

1 5 tuning apparatus; 

means for providing first local oscillator signals of the 
same frequency but of quadrature phases to respective ones of 
said first mixer stages; said the frequency of said first local 
oscillator signals being located within the frequency spectrum of 

2 0 said selected RF signal; 

means for providing second local oscillator signals of 
the same frequency but of quadrature phases to respective ones 
of said second mixer stages; said the frequency of said first local 
oscillator signals being located above the passbands of the 

2 5 respective said filter stages; 

means for monitoring first and second signals 
produced at respective points within said first and second 
channels; 

means for adjusting the relative gain and the phase 

3 0 shift of said first and second channels; and 

means for automatically controlling said gain and 
phase shift adjusting means to reduce the differences between the 
relative amplitudes and the phases of said first and second 
channels in response to the relative amplitudes and phases of said 
3 5 first and second signals. 
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2. The tuning apparatus recited in claim 1, wherein: 
said automatic controlling means includes means for 

generating a reference signal and inserting it into each of said first 
and second channels and for controlling said gain and phase shift 
5 adjusting means in response to said first and second signals as 
affected by said reference signal. 

3. The tuning apparatus recited in claim 2, wherein: 
said reference signal has a plurality of frequencies, 

1 0 and said automatic controlling means is responsive to said first 
and second signals as affected by said reference signal at each of 
said pluralities of said frequencies. 



4. The tuning apparatus recited in claim 1, wherein: 

1 5 said automatic controlling means is responsive to said 

first and second signals as affected by said selected RF signal. > 

5. The tuning apparatus recited in claim 4, wherein: 
said selected RF signal is an analog television signal 

2 0 including at least one carrier, and said automatic controlling 

means is responsive to said first and second signals as affected by 
said one carrier. 

6. The tuning apparatus recited in claim 4, wherein: 

2 5 said selected RF signal is an analog television signal 

including a picture and a sound carrier, and said automatic 
controlling means is responsive to said first and second signals as 
affected by at least one of said picture and sound carriers. 

3 0 7. The tuning apparatus recited in claim 6, wherein: 

said automatic controlling means is responsive to said 
first and second signals as affected by each one of said picture and 
sound carriers. 
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8. The tuning apparatus recited in claim 4, wherein: 
said selected RF signal is a digital television signal and 

said automatic controlling means is responsive to said first and 
second signals as affected by the spectrum of said digital 
5 television signal. 

9. The tuning apparatus recited in claim 1, wherein: 
said automatic controlling means includes means for 

generating a reference signal and inserting it into each of said first 
1 0 and second channels and for controlling said gain and phase shift 
adjusting means in response to said first and second signals as 
affected by said reference signal; and said automatic controlling 
means is also responsive to said first and second signals as 
affected by said selected RF signal. 

1 5 

10. The tuning apparatus recited in claim 9, wherein: 
said reference signal has a plurality of frequencies, 

and said automatic controlling means is responsive to said first 
and second signals as affected by said reference signal at each one 

2 0 of said pluralities of said reference signal. 

11. The tuning apparatus recited in claim 1, wherein: 
said gain adjusting means and phase shift adjusting 

means comprise respective individual units. 
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12. The tuning apparatus recited in claim 11, wherein: 
said gain adjusting means and said phase shift 
adjusting means are included in the same one of said channels. 
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13. The tuning apparatus recited in claim 12, wherein: 
said gain adjusting means is coupled in cascade with 

an additional summing network between said second mixer and 
said output of said one channel; and 
5 said phase shift adjusting means comprises an 

additional mixer and an additional gain adjusting means coupled 
in cascade between said filter stage and said output of said one 
channel; said additional mixer receiving a signal having the same 
frequency as the frequency of said second local oscillator signal of 
1 0 said one channel but of quadrature phase, 

14. The tuning apparatus recited in claim 1, wherein: 
said means for monitoring said first and second signals 

includes an analog-to-digital converter; and 

1 5 means for automatically controlling, said gain and 

phase shift adjusting means includes a microcontroller operating 
under program control and is coupled to said analog-to-digital 
converter. 

2 0 15. The tuning apparatus recited in claim 14, wherein: 

said means for monitoring said first and second signals 
includes first and second analog-to-digital converters included in 
respective ones of said first and second channels; and 

said means for adjusting the relative gains and the 

2 5 phase shifts of said first and second channels includes a digital 

filter. 

16, The tuning apparatus recited in claim 14, wherein 
said first and second digital-to-analog converters are 

3 0 coupled between respective ones of said filters and said second 

mixers of said first and second channels; and 

said second mixers of respective ones of said first and 
second channels are digital mixers. 
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17. The tuning apparatus recited in claim 16, wherein: 
said automatic controlling means includes means for 

generating a reference signal and inserting it into each of said first 
and second channels after respective ones of said first and second 
5 mixers. 

18. The tuning apparatus recited in claim 1, wherein: 
said automatic controlling means is responsive to said 

first and second signals as affected by said selected RF signal; 
1 0 said selected RF signal may be either an analog 

television signal including a carrier, or a digital television signal; 

said automatic controlling means is responsive to said 
first and second signals as affected by said picture carrier during 
ones of said synchronization components when said selected RF 

1 5 signal is said analog television signal; and 

said automatic controlling means is responsive to said 
first and second signals as affected by the spectrum of said digital 
television signal when said selected RF signal is said digital 
television signal. 

20 

19. The tuning apparatus recited in claim 18, wherein: 
said automatic controlling means is responsive to the 

presence or absence of said carrier to determine whether said 
selected RF signal is said analog television signal or said digital 

2 5 television signal. 
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